Abstract-The aim of this study was to investigate the utilization of a recycled rayon waste-kapok mixtures as an oil sorbent for the removal of diesel, motor oil and bunker C. The effects of the kapok fibers: rayon fibers ratio and the additional of sodium sulfate on RRWK sorbents properties were investigated through series of oil sorption tests. The ASTM 726-06 method was used to determine the oil sorption capacity of the sorbents under both static and dynamic conditions. The results showed the high sorption capacity of the recycled rayon waste-kapok mixture for difference kinds of oil. Oil, which has a high viscosity, tends to have a higher oil sorption ratio. RRWK sorbents had higher oil sorption capacity than commercial polypropylene. The presence of kapok fibers in RRWK increases the hydrophobicity and oil sorption capacity of the sorbents while the presence of rayon fibers improves the strength of the sorbents. The additional of sodium sulfate during sorbent preparation increases the surface area and pore size of RRWK sorbent and thus improves the oil sorption capacity. It can be concluded that RRWK, which can be produced by utilizing industrial waste, is effective low cost, environmentally friendly oil sorbent with comparable performance to commercial products.
hydrocarbons such as crude oils, and bunker C, and/or light hydrocarbons such as diesel, jet fuel, and gasoline. The major sources of oily waste come from industries such as petroleum refineries and manufacturing [2] .
The basic methods for oil spill collection and cleanup are chemical treatment, mechanical treatment and biological treatment. The mechanical method involves the transfer of oil from spill site to temporary storage using oil sorbents or skimmers. Oil sorbents can be classified into organic, inorganic, and synthetic organic products [3] . Good oil sorbents are characterized by high sorption capacity, good buoyancy, adequate oil retention, and reusability [4] . The most common materials used for oil sorbents are synthetic materials such as polypropylene or polyurethane [5] . They have high oleophilic and hydrophobic properties, but they are considered non-biodegradable and are relatively expensive [6] . Thus, many researchers have become interested in studying natural inorganic and organic materials to find substitution materials for oil spill cleanup.
B. Rationale for Using Industrial Waste and Kapok as an Oil Sorbent in the Study
The rayon industry generates many kinds of wastes including viscose liquid, rayon fibers, and sodium sulfate. Most of these wastes are classified as hazardous waste and must be disposed of in secure landfills. Viscose liquid is one of the waste products from the rejection from the viscose preparation process and maintenance activities such as filtering, sample collecting, process shutdown, and overflow. The viscose liquid contains NaOH, water, and pulp, which are mixed homogeneously by the viscose process. Rayon fiber is produced from wood pulp. The rayon fiber waste is generated from rejection by the drying machine. The rayon fiber is a modified cellulose fiber that is capable of absorbing crude oil [7] . Sodium sulfate, a by-product of the rayon industry, is usually used for the production of hygiene products such as toothpaste and detergent powder. The sodium sulfate waste comes from leakages from packages during transportation and handling. It can be dissolved in water and can be used to increase the porosity of sorbent materials. Sanderson et al., [8] found that sodium sulfate increased the porosity of the cellulose sponge oil sorbent that was made from viscose mixed with cotton and used for testing oil adsorption. Kapok fiber (Ceiba pentandra (L.) Gaertn.) is an agricultural product which has been used as an oil sorbent material. Kapok has a high tube structure with large lumen. The kapok fibers are fluffy, yellowish-brown, lightweight, inelastic, and brittle. It is composed of 64% cellulose and 13% lignin. Beside these constituents, it also Effects of the Composition and the Preparation Methods on Oil Sorption Capacity of Recycled Rayon Waste-Kapok Mixtures (RRWK) Sorbent contains waxy material on the fiber surface, which makes its exhibit water repellent properties [9] . In this study, the wastes generated from the manufacture of rayon, including viscose liquid, rayon fibers, and sodium sulfate, were blended with kapok at different % weight ratio to develop the materials that were qualified as an oil sorbents. These sorbents were then evaluated for oil sorption efficiency and then the results were compared with synthetic oil sorbents (polypropylene) following the ASTM F726-06 Standard Test Method for Sorbent Performance of Adsorbent [10] .
II. MATERIALS AND METHOD

A. Oil Sorbent Material Made of Recycled Rayon Waste-Kapok Mixtures (RRWK)
In this study, for each type of prepared sorbent, 100:0, 75:25, 50:50, 25:75, 0:100 (%wt) by 10 grams of kapok fibers: rayon fibers with 14:86 (%wt) by 187.5 grams of viscose liquid mixtures: water, were thoroughly mixed. After that, 0 or 75 grams of sodium sulfate salt (size 150 microns) were added to the mixture and blended by mixer for 30 seconds. The mixed material was put into a container and washed with 10 %(v/v) sulfuric acid for 30 minutes. Next, the prepared materials were rinse with hot water 98˚C for 1 minute to remove sodium sulfate, washed with water to remove any soluble constituents, and then dried in a drying machine at 60˚C for 24 hours. The prepared sorbent materials were lightweight fibers with a brown and/or white color. 
B. Characterization of Sorbent Materials
Physical characteristics and diameter of the kapok fiber, rayon fiber, polypropylene and RRWK were analyzed using a Scanning Electron Microscope (SEM, JEOL type JSM-5410LV). The moisture of materials content of the materials was analyzed by hot air oven method.
C. Property of Oil
Three types of oil, diesel, motor oil SAE 20W 50 and bunker C, were evaluated through oil sorption in this study. The diesel, motor oil and bunker c were purchased from PTT (Thailand) Co., Ltd. Diesel oil is representative of low-viscosity oils such as gasoline and kerosene. Motor oil is representative of medium-viscosity oils such as crude oil. Bunker C oil is representative of heavy-viscosity oils. Viscosity of each type of oil was measured using a Viscometer (Brookfield / LVDV III). The density and viscosity of the investigated oils are summarized in Table I 
D. Dynamic Water-Sorption Test
A water take-up study was conducted to determine the oleophillic properties of the sorbents under dynamic conditions. Approximately 5 grams of different sorbents were weighed, and then placed in a 4-liter jar that was half-filled with water. The jar was sealed and shaken at 150 rpm for 15 minutes. After that, the condition of the sorbents and water was observed. If 10% or more of the sorbents had sunk, then the sorbent was considered to have failed this test. The contents in the jar were strained through a mesh basket to catch the sorbents, and weighted after a 30 seconds drain period. The water sorption capacity (g of water/g of sorbent) was calculated from equation 1.
Water sorption capacity = S w / S o (1) where S o is the initial dry sorbent weight, S wt is the weight of the sorbent sample at the end of the water take up test, and S w , (S wt -S o ) is the net water sorbed.
E. Oil -Sorption Study
The procedure for determining oil sorption capacity generally followed the ASTM F 726-06 method. Each of loose-form RRWK and PP sorbent was placed inside a wire-mesh basket and immersed inside an oil bath until it reached the test time limit as detailed below.
Short test (15 minutes) under static conditions: 50 grams of diesel, motor oil and bunker C were poured into a beaker. Thereafter, 5 grams of RRWK were put in a screen and placed on the oil surface. After 15 minutes, the material was removed using forceps and drained for 30 seconds (2 minutes drain time was used for bunker C).
Long test (24 hours) under static condition: 50 g of diesel, motor oil and bunker C were poured into a beaker. Thereafter, 5 grams of RRWK were put in a screen and placed on the oil surface. After 24 hours, the material was removed using forceps and drained for 30 seconds (2 minutes drain time was used for bunker c).
The oil-sorbed material was weighed. The oil sorption capacity was determined using the following equation.
where q is the sorption capacity (g of oil/g of sorbent), S t is the total mass of the sorbed samples (g), and S 0 is the initial mass of the sorbed materials. Table II compares the characteristics of materials including kapok fiber, rayon fiber, and polypropylene. There are several factors used in determining the physical characteristics of oil sorbent material such as structure of fiber, moisture content, material strength, color, sorption and buoyancy. [12] , c [13] , d [14] , e [15] The kapok fiber has a smooth surface with hollow microstructure (or lumen) as shown in the SEM images in Fig.  2(a) while rayon fiber and polypropylene has a rough surface without internal structure as shown in the SEM image in Fig.  2(b) and 2(c) . Kapok fiber and polypropylene are hydrophobic and oleophilic, which have high rate of oil sorption and good buoyancy [16] - [17] . On the other hand, rayon fiber is hydrophilic and has high affinity for water and bad buoyancy. In this study, the kapok fibers in RRWK sorbents provide the hydrophobic surface for oil sorption while rayon fibers in the mixtures provide the strength of the sorbent. The polypropylene is oil sorbent in commercial market, which was used to compare with RRWK sorbents for the performance of oil sorption. Fig. 3 shows that the highest water sorption capacity was 40.65 g of water/g of sorbent from 100:0(% wt) kapok fibers: rayon fibers, Meanwhile, the ratio of 0:100(% wt) kapok fibers: rayon fibers had failed for testing due to the sample sunk under the water. The water sorption capacities of the RRWK sorbents were higher than the PP oil sorbent (1.52 g of water/g of sorbent) due to the presence of rayon fibers in the sorbents. 
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III. RESULTS AND DISCUSSION
A. Characteristics of the Materials
B. Water Sorption Capacity
C. Oil sorption Capacity
The sorption capacities of RRWK sorbents for diesel oil, motor oil and bunker C under static conditions after 15 minutes and 24 hours are presented in the Fig. 4 . Fig. 4a and  4b show that for RRWK sorbents, the kapok fibers: rayon fibers ratio of 100:0 (%wt) has the highest sorption capacity for all types of oil. Oil sorption capacity of RRWK decreases with increasing amount of rayon fibers in the mixture. The lowest oil sorption capacity was observed with 0:100(%wt) kapok fibers: rayon fibers. The sorption results the tested oils after 15 minutes and 24 hours were not significantly different because of its ability to absorb oil up until its maximum limits within a very short time. The sorption of diesel, motor and bunker c oils by the RRWK sorbents were different mainly because of the differences in oil viscosity. Wei et al., [18] reported that oil with higher viscosity tends to have a higher initial sorption ratio. As predicted therefore, bunker c, which has the highest viscosity among the test oils, showed much greater sorption by RRWK sorbents. Comparison between the RRWK sorbents with sodium sulfate addition during sorbent preparation and the RRWK sorbents without sodium sulfate after oil sorption at 24 hours in Fig. 5 shows that the oils sorption capacity of the RRWK sorbents with sodium sulfate were higher than that of RRWK sorbents without sodium sulfate. The addition of sodium sulfate into RRWK sorbents increase oil sorption capacity because sodium sulfate controlled the coagulation of the pore walls, which made the sorbent of the capillary surface larger [19] . The results shown that RRWK sorbent with sodium sulfate had true density of 1.04 g/cm3 while RRWK sorbent without sodium sulfate had true density of 1.30 g/cm3 in Fig.  6 . It can be indicated that RRWK sorbent with sodium sulfate had lesser density than that of RRWK sorbent without sodium sulfate. The additional of sodium sulfate affects the density of RRWK sorbent, which may increases surface area and pore size of RRWK for oil sorption. The surface area and pore size are important factors for sorbent material since they affect the rate at which a fluid flows into or thorough a capillary network [20] . RRWK sorbents with sodium sulfate showed a higher sorption capacity than PP. It can be indicated that RRWK sorbent is an effective of oil sorption with comparable performance to commercial products. 
Type of sorbents
IV. CONCLUSION
A recycled rayon waste-kapok mixtures (RRWK) can be used for the sorption of different types of oil (diesel, motor oil and bunker C) under static condition. Oil with a higher viscosity tends to have a higher oil sorption. The mixture of 100:0(% wt) kapok fibers: rayon fibers sodium sulfate was the most effective approach for oil sorption. It means that the oil sorption capacity increased with an increasing amount of kapok fibers. The additional of sodium sulfate into RRWK (a) increases the efficiency of oil sorption, which affects density of RRWK sorbent. RRWK sorbent with sodium sulfate displayed a capacity for oil and water sorption that was higher than polypropylene. Therefore, RRWK sorbent has the potential to be developed into a commercial product.
